INTRODUCTION
The IFCC curriculum is being developed as a guide for its member societies in their development of syllabuses for postgraduate trainees in laboratory medicine, appropriate for use in their own countries. The curriculum should be viewed as a framework into which requirements specific to different regional or national practice can be incorporated.
It is also intended to provide a resource for trainees in planning their private study in preparation for academic and professional qualifications which lead to formal recognition of expertise and status as experts and leaders in the field of laboratory medicine.
The curriculum has been developed in response to a request from some National Societies, by the Committee on Distance Learning (C-DL) and will inform the development of the IFCC e-Academy. The C-DL is grateful to the following National Societies who responded to the call in 2013 and submitted their own curricula for us to consult in considering format and content:
• Australia and New Zealand A laboratory medicine expert is expected to have a comprehensive knowledge of the science and medicine on which the specialty is based and to use this knowledge to develop and provide a safe, effective, efficient and high quality service to its users. The curriculum is designed to provide a framework of learning both practical and theoretical components through which this expertise can be achieved.
Herein, is phase 1 of the IFCC curriculum to support ongoing education in laboratory medicine. It is not intended to include references in this curriculum. Instead, the learning objectives are designed to link back to the online learning material of the IFCC eAcademy where relevant additional reading will be provided within these presentations, Figure 1 .
Learning Skills
IFCC recommends a stepwise approach to the acquisition and application of knowledge by trainees. Bloom's taxonomy defines six categories and cognitive processes, refined in 2001
1
. Each category is shown with appropriate verbs that may be used to construct learning objectives or assessment questions.
• Remembering -retrieving, recognizing, and recalling relevant knowledge Define, memorise, list, name
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The IFCC Curriculum -phase 1
Figure I
In diagrammatic form, the learning process, creating and evaluating are key functions for those in the most senior professional roles. 
Program Learning Objectives
Many components contribute to safe and effective laboratory investigation of patients and their diseases. These can be summarised in Figure II .
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Figure II. The specialist functions of a clinical scientist are:
• To advise on testing protocols and the appropriateness of testing
• To provide meaningful analytical results that can be used with confidence in the diagnosis and management of patients with disease.
• To provide interpretation of laboratory results in the light of clinical findings in the individual patient.
• To reach this level of expertise the clinical scientist must have detailed knowledge of: ◊ Human physiology, biochemistry and organ function ◊ The causes, clinical signs and symptoms of disorders of organs, systems, metabolic disease and genetic disease ◊ Laboratory analyses and testing protocols for investigation of such disorders ◊ The options for and principles of measurement of specific analytes ◊ The pre-analytical, analytical and post analytical factors that may influence testing ◊ The limitations of analyses, including specificity, sensitivity, bias and imprecision ◊ Biological variation, reference intervals and critical test results

Figure II Program Learning Objectives -Summarised
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Clinical Interpretation
Clinical interpretation of laboratory results is complex and it is important to adopt a systematic approach. There must be procedures in place in the laboratory, to ensure that specimen quality can be guaranteed and that the analytical quality of the result is fit for purpose. The result can then be interpreted with respect to reference intervals, clinically critical limits or significant changes in value and the causes of any abnormal or unexpected laboratory results be considered. It is very useful to have a structured approach to help interpretation of results, particularly those that are unexpected or unfamiliar. Considering the possible underlying pathological processes is an excellent starting point and using an acronym such as the one shown below, provides structure to the thought processes and minimises the risk of missing an important element.
A useful memory prompt is "A Vitamin C Def" (Table 1) .
Curriculum Structure
The curriculum is designed to represent the three specialties of laboratory medicine; Blood Sciences, Microbiology and Molecular Genetics. Within each of the specialities, clinical and analytical aspects are considered separately and there is further breakdown of the clinical section into sub-specialties. These are then subdivided into disease groupings, based on organ system, metabolic disease and genetic disease. Within each of these groupings, individual clinical conditions are specified. Analytical aspects are broken down primarily into technology groupings then further into specific techniques. The whole structure is therefore presented in a hierarchical way.
Laboratory Organisation and Management, common to all specialties, is considered separately.
In this version (i.e. part one) of the curriculum, concepts related to Laboratory Organisation and Management and Blood Sciences (Clinical Chemistry and Immunology) have been developed. Future additions to the curriculum will include curricula related to Haematology, Microbiology, and Molecular Genetics, Figure 3 . 
Figure III:
• The sections covered in version 1 of the curriculum are shown in blue.
• The yellow cells indicate areas of the curriculum to be developed further as part of future versions.
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SECTION A: LABORATORY ORGANISATION AND MANAGEMENT
Laboratory Organisation and Management skills and concepts are considered in two categories, those which are relevant to all laboratory staff and those which are required by those in senior laboratory roles who have responsibilities for leadership in all aspects of the service. • To describe medical research
• To discuss the types of medical research that are undertaken
• To define laboratory medicine in the context of the research guide
• To explain why research in laboratory medicine is important to stakeholder groups
Choice of suitable project
• To describe factors that stimulate research projects
• To discuss how the importance of research may be assessed
• To consider the practicability of a research project
• To explain research supervision and mentoring
Conduct a literature search
• To describe literature study
• To explain the questions to be asked when reading a research publication
• To recognise the importance of critical appraisal
• To discuss how critical appraisal of research publications is undertaken
Formulating a research plan
• To discuss the research question
• To explain the importance of hypothesis based research
• To describe the construction of aims and objectives
• To consider the research design
Submitting a research proposal for external approval and funding or formulating a research plan
• To recognise the importance of preparation for a research proposal
• To discuss ten steps on the road to success
• To describe the structure of a research proposal
• To evaluate feedback from a submitted research proposal
Conducting a research investigation and analysing findings
• To explain the importance of planning for research implementation
• To describe conducting and recording research investigations
• To discuss the analysis of results and the use of statistics
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• To describe the drawing of conclusions from results
Writing research papers to publish
• To recognise the objectives to publish research results
• To recognise the initial preparation in writing research paper for publication
• To recognise the importance of all contents in a manuscript
• To recognise ethical considerations in medical research
Delivering research findings as oral presentations
• To recognise the importance of presenting research findings
• To provide guidance on preparing to present research findings
• To describe good practice in oral presentations
• To describe good practice in poster presentations See Figure B1 for Hierarchical structure of Blood Sciences as related to Clinical Chemistry and Immunology section specifically related to the analytical component of the curriculum.
The clinical component is shown in yellow to demonstrate the relationship between the analytical and clinical sections; which is presented separately in section C.
Section B1. Generic Laboratory Equipment: Learning Objectives
Be able to discuss the basic principle of use of generic laboratory equipment:
• Balances • • Absorption, nephelometry and turbidimetry
• Acid-base measurement
• Immunoassay and detection systems
• Ion selective electrodes
• Main analyser platforms and automation.
• Osmometry 
Principles of Analysis X-MS Sample Preparation
Critically discuss the approaches to sample preparation in clinical testing along with advantage and limitations of each
• Derivatisation
• Dilute and shoot
• Liquid-liquid extraction (LLE)
• Protein precipitation
• Supported liquid extraction (SLE)
• Solid phase extraction (SPE)
Analytical -chromatography
Discuss the processes of chromatographic separation including the selection of columns and mobile phases Define the terms isomer and epimer and explain the importance of chromatographic separation
Analytical -quality
Discuss the important considerations to support analytical quality
• Calibrators including traceability and commutability
• External Quality Assurance (EQA)
• Interferences
• Internal quality control (IQC)
• Internal standard selection, including nonisotopic, deuterated and carbon 13
• Post implementation quality assessment
• Qualitative scans
• Quantifiers and qualifier selection
• Quantitation -calibration curves Post analytical
Discuss the implementation of mass spectrometry reference intervals
Outline the criteria for accepting an analytical run Outline the requirements of reporting a result
Setting up a LC-MS/MS assay
Critically discuss the pre implementation quality assessment i.e. method validation required.
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Critically discuss the role and selection of mass spectrometry instruments in terms of automation and processes.
• Fully automated solutions
• Kit-user setting
• Lab developed tests
• Near patient testing
• Identification, optimisation, qualitative assessment, sample preparation to full quantitation
Applications
Discuss the clinical applications of mass spectrometry
• Creatinine
• Drug of abuse testing 
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Renal
• Aluminium
• Cystatin C
• Inulin
• Potassium
• Sodium
• Urea
• Uric acid
• Urine albumin
• Urine creatinine
• Urine protein Liver
• Albumin
• Alkaine phopstase (ALP)
• Alanine Aminotransferase (ALT)
• Aspartate Aminotransferase (AST)
• Bile acids
• Insulin like growth factor (IGF)-1
• Lactate dehydrogenase (LDH)
• Total protein Metabolism
• Ammonia
• Glucose
• Lactate
• HbA1c
Heart -muscle
• B-type natriuretic peptide (BNP) and Pro-BNP
• Cholesterol
• Creatine kinase (CK)
• CK-MB
• High density lipoprotein (HDL)
• Low density lipoprotein (LDL)
• pCO 2
• Triglycerides
• Troponin I
• Troponin T Bone • Growth hormone (GH)
• Follicle stimulating hormone (FSH)
• Luteinizing hormone (LH)
• Thyroid stimulating hormone (TSH) Endocrinology -Peripheral
• 17 hydroxyprogesterone
• Aldosterone
• Anti-mullerian hormone (AMH)
• Cortisol
• Dehydroepiandrosterone (DHEA)
• DHEA sulfate (DHEA-S)
• Estradiol
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• free triiodothyronine (fT3)
• free thyroxine (fT4)
• Insulin like growth factor I (IGF-I)
• IGF binding protein 3 (BP3)
• Inhibin
• Progesterone
• Steroid hormone profiles • Vitamin A -retinol
• Vitamin B1
• Vitamin B2
• Vitamin B3
• Vitamin B6
• Vitamin B9 -folate
Biomarkers of Cancer
• Alpha foeto protein
• 5-hydroxyindoleacetic acid (5HIAA)
• Carbohydrate antigen (CA) 19-9
• CA125
• Calcitonin
• Catecholamines
• Carcinoembryonic antigen (CEA)
• Chromogranin A
• Homovanillic acid (HVA)
• Prostate specific antigen (PSA)
• Thyroglobulin Therapeutic Drug Monitoring and Toxicology
• Acetominophen (paracetamol)
• Carbamazepine • Complement C3 and C4
• C-reactive protein (CRP)
• Cryoglobulins
• Full blood count
• Haptoglobin
• Hepatitis A, B and C serology
• HIV serology
• IgE and specific IgE
• Immunofixation electrophoresis (IFE)
• Immunoglobulins (IgA, IgG, IgM)
• IgD
• IgG subclasses
• Immunosubtraction/immunotyping
• Lymphocyte subsets
• Monoclonal protein quantification
• Oligoclonal banding (isoelectric focusing)
• Prealbumin (transthyretin)
• Rheumatoid factor
• Serum and urine protein electrophoresis
• Serum free light chains
• Total complement activity (CH50)
• Transthyretin (prealbumin)
• Tryptase Autoantibodies
• Acetyl choline receptor
• Adrenal
• Antibodies associated with neurological dis eases (paraneoplastic antibodies)
• Centromere
• Cyclic citrullinated peptide • Osmol Gap (including calculated osmolarity) Be able to perform basic statical calculations used in the laboratory.
Be able to distinguish the appropriate statistical tests to employ based on the distribution of the data.
• Bias
• Biological variation
• Evaluation of differences between populations In laboratory medicine it is essential for professionals to have a sound understanding of both analytical tools to achieve the best clinical outcomes. It is therefore essential that laboratory professionals have a sound working knowledge of physiology and pathophysiology related to their testing area. This section of the curriculum details the clinical areas related to clinical chemistry and immunology as detailed in Figure C1 . • Systemic lupus erythematosus (SLE)
• Urinary tract infection (UTI)
• Types of renal stone
• Uraemia
• Vasculitis (ANCA associated)
Specific Laboratory Investigations
To gain an in depth knowledge of the following specific laboratory investigations important to the study of renal function, the urinary tract and uric acid metabolism To be familiar with analytical methods avail-
able for their measurement To be able to select laboratory investigations and interpret the analytical results in the light of the clinical signs and symptoms in the individual patient
• Antinulear antibodies (ANA)
• ANCA
• Beta 2 microglobulin
• Complement C3 and C4
• Creatinine (serum and urine)
• Cryoglobulins • Drugs -acute and chronic
• Genetic -e.g. A1AT deficiency (see also Section 2, Acid-base regulation and pulmonary function)
• Inflammatory and infective liver disease (hepatitis)
• Liver autoantibodies
• Liver cirrhosis
• Liver function -synthesis, conjugation, detoxification
• Liver transplantation
• Liver tumours -primary or secondary 
Section C8. Lipids and Disorders of Lipoprotein Metabolism: Learning Objectives
Basic concepts
To understand the principles and control of lipid metabolism and the following aspects of the study of lipid and lipoprotein disorders
• Apolipoproteins: functions, receptors (e.g.
LDL-R)
• Cardiovascular disease risk calculation and evaluation, and cost-effectiveness of lipid screening strategies.
• Fatty acid transport and oxidation
• Lipid absorption, transport and metabolism 
Specific Laboratory Investigations
To gain an in depth knowledge of the following specific laboratory investigations important to the study of cardiovascular disease and hypertension
To be familiar with analytical methods available for their measurement To be able to select laboratory investigations and interpret the analytical results in the light of the clinical signs and symptoms in the individual patient
• Anti-heart muscle antibodies (Dresslers)
• High-sensitivity CRP
• Natriuretic peptides
• Serum and urine electrophoresis and immunoglobulins
• Troponin and high-sensitivity troponin Section C10. Calcium, Magnesium, Parathyroid, Bone Disorders: Learning Objectives
Basic concepts
To understand the control of calcium and phosphate homeostasis including the following specific aspects of the process.
• Circulating forms of calcium 
Basic Concepts
To understand the control and metabolism of iron and haem, the mechanisms which lead to iron overload and deficiency, and the implications of these states.
To understand the enzymatic defects of haem synthesis which lead to the porphyrias 
To understand the importance of trace elements and vitamins to metabolic processes and wellbeing, the mechanisms of their actions and the consequences of deficiency and overload states.
• Essential and non-essential metals 
To understand the following special considerations in relation to the provision of a general paediatric clinical laboratory service.
• How to collect heel prick samples
• Issues with capillary specimens
• Paediatric reference intervals -dynamic changes with growth, development and puberty
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• Sample volume and collection issues, including sweat collection
Disorders and disease states
To understand the causes, clinical signs and symptoms of the conditions which may present to a general paediatric laboratory.
To describe which laboratory investigations are important in their detection, diagnosis and management
• Congenital thyroid disease
• Cystic fibrosis
• Delayed puberty
• Diabetes mellitus type 1
• Disorders of sex development, including congenital adrenal hyperplasia
• Growth retardation and growth hormone deficiency 
Result interpretation
To recognise that the population-based reference intervals for many of children's chemistries change throughout childhood.
To recognise that these reference intervals change differently for different analytes.
To recognise some of the problems associated with reporting children's chemistries.
To be aware of some of the problems that arise from failing to report correct children's chemistry reference intervals 
Basic Concepts
To understand all aspects of screening for disease including the rationale for screening and the process.
• Challenges with newborn screening
• Diseases appropriate for newborn screening -characteristics
• Newborn screening process
Disorders and disease states
To • Specific enzyme testing (e.g., biotinidase, galactokinase)
• Sweat chloride and conductivity Section C16. Endocrinology: Learning Objectives
Basic Concepts
To understand all aspects of hormone action, including feedback inhibition and other controlling mechanisms for hormone release and to acquire a detailed knowledge of the major endocrine organs and systems.
Hypothalamic-pituitary axis
• • Aldosterone, renin and ratio
• Androstenedione
• Angiotensin converting enzyme (ACE)
• Autoantibodies to the relevant endocrine organ
• Catecholamines (plasma and urine)
• Cortisol -serum, urine, salivary
• Dexamethasone suppression test
• DHEAS
• FSH
• Growth hormone
• Growth hormone suppression test (OGTT)
• Insulin-like growth factor 1 (IGF-1)
• LH
• Metanephrines (plasma and urine)
• Prolactin and macroprolactin
• SHBG
• Testosterone -total, free, bioavailable
• Thyroglobulin, anti-thyroglobulin antibodies
• Thyroid function tests: TSH, Free T3, free T4 Total T3, Total T4
• TSH receptor antibodies • Anti-CCP antibodies
• Anti-ds DNA
• Anti-neutrophilic cytoplasmic antibodies (ANCA)
• Anti-nuclear antibodies (ANA and specific antibodies SSA, SSB, Sm, RNP)
• Serum creatine kinase Section C20. Therapeutic Drug Monitoring and Toxicology: Learning Objectives
Basic Concepts
To understand the following key concepts of pharmacology and the key factors relevant to drug action and measurement.
To understand the mode of action and clinical uses of drugs in the categories listed.
Pharmacokinetics (PK)
• Absorption 
